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ABS1IRACT 


The tfeasibility of reducing the time to maturity 
without reducing seed yield was studied in Brassica napuse 
The cultivars Nugget, Oro, and Target, their crosses and the 
reciprocal crosses of the Fy abd Fo generations were growne 
Observations were made in the field on a single plant basis 
on growth characters including growth stages, growth 
periods, and rates of development, as well as on 


morphological characters and yield characters. 


Target exhibited many characteristics which would tend 
to make it a late varietye However, Target was the earliest 
cultivar and the major characteristic leading to earliness 


for Target was early first flower. 


There were few thigh correlations among the growth 
characters and none of the correlations of the growth 
characters with the yield characters were high, thus 
indicating that these characters are all largely 
independente However, the growth characters which tended to 
produce earliness were in general positively associated with 


the yield characterse 


Earliness of the initial growth stages, shortness of 
the initial growth periods, and high rates of development 
were all associated with earliness of the stages subsequent 
to first flower, including maturitye They were also 


associated with high seed yielde 
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Rapid development during the rosette period was 
associated with early first flower and both were associated 
with longer duration cf the flowering periods first flower 
on the main raceme to first flower on the last secondary 
raceme to flower and first flower on the main raceme to end 
of flowering on the main raceme. Longer flowering periods 


were associated with higher seed yielde 


Bigh developmental rates at different times and for 
different aspects of growth were positively asscciatede High 
leaf emergence rate and early emergence of the seventh true 
leaf were associated with rapid flowering rates and early 
maturity but atso with longer flowering periodse High 
flowering rates are associated with reduced duration of the 
flowering periods and high flowering rate on the main raceme 
is associated with reduced time from the first flower to 


maturitye 


Almost alt of the significant correlations among the 
yield characters were pcsitive. High seed yield was 
indicated to be largely determined by high vegetative yield. 
Association of high seed yield with early growth stages and 
shortness of the initial growth periods was indicated to be 
largely independent of vegetative yielde The positive 
association of Longer ftowering periods and high rates of 
development with high seed yield were largely due to their 


association with high vegetative yield. The yield characters 
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exhibited a similar relationshi pe However, the number of 
tertiary racemes and number of pods for all three cultivars, 
number of secondary racemes for Oro and Target and number of 
leaves for Oro all showed significant positive associations 
with high seed yield independent of their association with 


high vegetative yield. 


Significant reciprocal differences were found for the 
population means of many of the characters studied and large 
reciprocal differences in the heritability estimates 
calculated were also founde Heterosis was indicated for some 
of the growth characters and several of the yield 


characterse 
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INTRODUCTION 


The irportance of rapeseed aS a commercial crop in 
Canada began in 1943 when it was brought into production to 
help meet wartime demands for industrial oite Production 
rose to 1-28 miltltion bushels in 1948, but fell to 2400 
bushels in 1950.-Since then, production has again increased 
in response to market conditionse Production peaked in i971 
when 95 mitlion bushels were harvestede In 1974 production 
was 52 miltion bushels (White,1974). Currently rapeseed oil 
is largely utilized in the edible oil industry, while the 


meal is used in the production of livestock feeds. 


Total demand by the domestic rapeseed-crushing industry 
has been projected as increasing from 10 mitlion bushels in 
1971-72 to 37-7 million bushels in 1986-87( Darcovich, 1973). 
Export demand is expected to increase from 30.0 mittlion 
bushels in 1971-72 to 68 million bushels in 1986-87. By 
1986-87 it is estimated that 7-5 million acres will be in 
production compared with only 3e2 million acres in 1974- 
75( White, 1974). It is apparent that rapeseed production has 
expanded remarkably in the past and more expansion may be 


expected in the futuree 


One of the major factors leading to the rapid increase 
in rapeseed production has been the improvements in yield 
and oit and meat quality. As well, improved methods of 


processing have been developed by Canadian scientists. Today 
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Canada is the world's leading rapeseed exporter and is atso 


a leader in rapeseed research and developmente 


Of major importance for the production of any field 
crop is the seed yield per acree Factors leading to high 
yield have been intensively studied in cereals such as wheat 
and barley, but little work has been done with rapeseed. 
However, if Canada is to maintain a competitive pesition in 
domestic and world rapeseed markets, these factors must be 
determined and then utilized to improve agronomic practices 
and to develop improved cultivarse Approximately 75 percent 
of the acreage in western Canada is Brassica campestris, 
which is cross-pollinated and early maturing but has less 
yield potential than Be napus, which is largely 
self-pollinated and tate maturinge Major improvements in 
seed yield per acre could be achieved simply by reducing the 
time to maturity of Be napus so that cultivars of this 


species could be more widely grown. 


The object of this study was to determine the 
relationships among various growth characters and yield 
characters in order to indicate the feasibility of reducing 


the time to maturity without reducing yield. 
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LITERATURE REVIEW 


In recent years, Canadian rapeseed breeders have been 
preoccupied with the development of new seed quality 
characteristicse The most recent cultivars in both rapeseed 
species have been produced in response to the demand for low 
erucic acid in the end-product oite Low glucosinolate 
content in the meal is the major, current goal of breeding 
programse AS a consequence, the bulk of current Literature 
regarding the oilseed rapes is concerned with quality 
characteristics, and tittle research thas been done to 


increase yield. 


Engledow and Wadham(1923) were among the first to 
attempt to systematically study the factors that result ina 
high yielding cultivare They state that, ideally, the 
breeder should first determine the plant characters which 
control yield and then, by a synthetic system of 
hybridization, accumulate into one plant cultivar the 
optimum ccmbination of these yield controlling characters. 
They further suggested that economic attributes be resolved 
into biological characteristicse The procedure would then be 
to determine all the relationships between acceptable plant 
characteristics and yielde Their proposal was: 

1) determine the relationships of yield per plant to 

other plant characters; 

2) find the mode of inheritance of those characters; 


3) test all relationships at a succession of spacingse 
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Engeldow and Wadham also pointed out in reference to 
tillering in wheat that the origin and nature of 
inter-titler differences should be sought in juvenite 
development, not later when subsequent plant growth has 


levelled and obscured earlier differences. 


Similarly Stoskopf et at.(1963) said that in studying 
the classical yield components, tillers per plant, kernels 
per head, and kernel weight, the determinants of yield are 
not being examined but rather yield itself is being studied. 
In order to neue yield advances the prerequisites of yield, 


not the expression of yield, must be studied. 


Donald( 1967) advocated the breeding for plant ideotypes 
as an alternative to the classical breeding procedures and 
stated that only the conscious pursuit of ideotypes can lead 
to the emergence of plants of novel form and of potentially 
high yield in new environmentse Even with this approach, a 
thorough understanding of the relationships of the factors 
contributing toa yield is necessary, for the ideotype chosen 
must have the characteristics of a high-yielding plant. His 
ideal wheat under good environmental conditions has a shorty, 
strong stem; a few small, erect leaves; a large, erect ear; 
and a single culme No such ideal type has yet been deduced 
for oilseed rapee Nost studies reported have dealt with the 


yield components, not with ideal yield prerequisites. 


Ramanujam and Rai( 1963) reported one of the first 
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studies of yield components in Brassica campestris vare 


Yellow Sarsone They interpreted their results as presenting 
a rather gloomy picture of the relationship between the 
basic components of yield considered. They studied the 
number of primary branches, number of secondary branches, 
number of pods fer plant, number of seeds per pod, 1000 seed 
weight, and yield per plante They found significant positive 
correlations between all the yield components and yield. 
They also observed positive correlations between the number 
of primary branches, the number of secondary branches, and 
the number of pods per plante The number of seeds per pod 
was not significantly correlated with number of primary 
branches but number of seeds per pod was negatively 
correlated with both number of secondary branches and number 
of pods per plante The 1000 seed weight was negatively 
correlated with each of the other four yield componentse 
They concluded that to increase the seed yield, a compromise 
in the selection program was necessary so that improvement 
in one of the components would not be nullified by 


deterioration in anothere 


This effect is now recognized as yield component 
compensation. Adams'(1967) explanation of yield component 
compensation is that the negative correlations between yield 
components are developmental rather than genetic and are due 
to either a limited constant input of metabolites or an 


oscillatory input of these substances such that input is 
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limited at critical stages in the developmental sequence.e 


Hiesene1ase reported on the indirect effects of 
selection for number of seeds rer pod upon 1000 seed weight 
in yellow mustard( Brassica hirta) over five years. He found 
that with selection for increased number of seeds per pod 
the 1000 seed weight was reduced and conversely, with 
selection for reduced number of seeds per pod, the 1000 seed 
weight increasede These results further support the yield 


component compensation concepte 


One of the more recent studies of rapeseed was 
conducted in Australia by Thurling(1974a)e He studied both 
Be campestris and Be napus and found significant differences 
in growth characters and in the correlations among these 
characterse He found both species had negative correlations 
between net assimilation rate and leaf area ratioe He also 
found(1974b) that in Be napus, yield was significantly and 
positively correlated with the number of pods per plant, and 
its components, aumber of pod-bearing branches and number of 
pods per branche However, in Be campestris only the number 
of seeds per pod, and 1000 seed weight, were significantly 
positively correlated with yield. In both species the number 
of pods per plant was negatively correlated with the number 
of seeds per pode However, Thurling also found a significant 
negative correlation between the number cf pods and 1000 
seed weight in Be campestrise One thousand seed weight and 


the number of seeds per pod were significantly and 
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positively correlated only in Be campestris. 


Olsson( 1960) reported that for Be campestris, Be napus, 


and Be hirta, the heritability as estimated by parent 
offspring regression was tow or nonsignificant for seed 


yield per plante 


Singh( 1973) used six cultivars of Be ,juncea and studied 
heterosis in yield, seeds per silique, Silique Length, 
raceme length, plant height, secondary racemes, tertiary 
racemes, and days to flower. Highest heterotic values were 
found for yield; moderately high values were also found in 
certain crosses for number of secondary racemes, tertiary 
racemes, and raceme length, but estimates were in general 
low for other characteristicse Significant maternal effects 
were found for yield, silique length, primary branches, and 
days to flowere The highest narrow sense heritabilities 
reported were 63-4 percent for days to flower, 58-4 percent 
for plant height, 23.5 percent for primary branches, and 


19.1 percent for yielde 


Singh and Singh(1972) studied the inheritance of yield 
and other agronomic characters in Be ,juncea. Additive and 
dominance gene effects were found to be important for 
primary and secondary branches, plant height, and raceme 
length in the two years of their studye Days to flower, 
silique length, and seeds per silique also exhibited these 


effects in 1968, but in 1969 only an additive gene effect 
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was evident. Yield was found to be controlled mostly by 
dominance componentse Heritability estimates(broad sense ) 
were high for days to flower(&7%) and plant height(88%) and 


lower for all other characters( 42-61%). 


Zuberi and Ahmed( 1973) used four strains of 
Be campestris vare Toria and studied number of siliques per 
plant, number of seeds per silique, silique length, 100 seed 
weight, and total seed yield per plant. They found 
Significant heterosis only for number of seeds per silique, 
but high broad sense heritabilities(68-88%) for allt 
characterse All characters studied showed high positive 


correlations only with yield except 100 seed weight. 


Laosuwan( 1969) studied the number of days from seeding 
to first bloom and number of leaves in Be npapuse He found 
partial dcminance fcr early flowering and dominance for 
fewer leavese He also found low broad sense heritabilities 
for number of Leaves( 7-59%) and high broad sense 
heritabilities for days to first bloom(65-78%). Days to 
first bloom was indicated to be controlled by two genese 
Number of leaves and days to first bloom had a high genetic 


correlatione 


Yamaguchi et at.(1965) studied the difference of 
character manifestation in reciprocal crosses of 
Be napus(Table 1)- Although these results are based on 


crosses of widely differing genotypes, the importance of the 
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TABLE 1. 


Classification of characters by the reaction norm 


between cytoplasm and nuclear genes and the trait of the 


The 
second 
group 

(iI) 


groupe 


This group mainly 
contains the vege- 
tative characters 
appearing before the 
stage of flower—bud 
differentiation, and 
the manifestation of 
these characters 
seems to be dependent 
on the nuclear genes, 
because they do not 
show the reciprocal 
difference in Fy, 
hybrids and approach 
to the characters of 
their pollen parent 
in the process of 
reciprocal substi- 
tution of nucleuse 


This group includes 
the floral characters 
appearing from the 
stage of flower-bud 
differentiaticn to 
that of 

fertilization 

The manifestation 

eof these characters 
seems to be dependent 
on the interaction 
between cytoplasm 

and nuclear genes, 
because the matro- 
cliny is remarkably 
observed in Fy and 
hardly changes in 

the process of reci- 
procal substitution 
of nucleuse 


Characters 

In nursery bed 
Plant height, 
Number of leaves, 
Length of leaf 
blade, Width of 
leaf, Shape of 
leaf, Colour of 
leaf etce 

In field 
length of stalk 
(LeSe), Diameter 
of stalk (D.Se), 

LeSe/DeSe Ratio, 
Number of the first 
order branches etce 


Floral characters 
Rugosity of petal, 
Size of flower, 
Length and Width 
of petal, Bending 
of style, Quantity 
of pollen grains, 
Relative length of 
Pistil and stamens 
etce 
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Table 1. 


Continued: 
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Classification of characters by the 


reaction norm between cytoplasm and nuclear genes and the 


trait of the groupe 


Classification 


at 
group Sub- 
group 


Irait of group 
This group contains 
the characters of 
the fruiting and 

the growth stages, 
which are directly 
affected by the 
manifestation of the 
second grouped char- 
acterse And the rer 
ciprocal differences 


This group includes 
the characters which 
are influenced by 
the manifestation 

of the third(a) 
group of characters 
and the reciprocal 
differences are 
observede 


Characters 


Fruiting characters 


Grade of fruit 
set, Reblooming, 
Number of siliquae 
per inflorescence, 
Percentage of fruit 
set, Number of 
seeds per silique, 
Length of silique, 
Weight of seeds 
flower, Maturing 
time etce 


In field 


Plant height, 
Length of inflor- 
esence, Number 

ef tetal tranches 
etce 
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7 


cytoplasmic effect is indicated by their worke 


Allen et ate( 1971) studied the leaf area index, total 
plant dry weight, and pod dry weight. They were able to 
define four relatively distinct phases, according to the 
pattern of dry weight prcoductione They also found that 
during the ped-fiiling stage, it is likely that the pods 
rather than the leaves produce the assimilates required for 


their own growth and that of the seeds they containede 


Alten and Morgan(1972) studied the effect of nitrogen 
on the growth of Be napus and found that nitrogen 
application increased plant height, number of flowering 
branches per plant, number of pods per plant, and number of 
seeds per pod but average pod weight and average seed weight 
did not change greatly. Yield of seed and yield of oil were 


increased aithough percentage oit decreased. 


Thurling(1S974a) studied the effects of seeding dates on 
the morphophysiological determinants of yield for Be napus. 
He found that yield in both species was affected by seeding 
datee Be napus exhibited a continuous decline of yield with 
later seeding while the Be campestris that yielded best was 
that seeded on the second of three seeding datese For 
Be napus total plant dry weight was most highly correlated 
with plant yield, but for Be campestris harvest index (based 
on the ratio of the means of seed yield and total dry weight 


for ten plants at final harvest) was most highly corretated 
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with yield followed by total plant dry weight. 


Friend and Helson( 1966) reported on the isolation of a 
strain ci Be campestris that required exposure to only one 
photoperiod with ten hours illumination in order for floral 
initiation to occur. As early as three days after seeding, 
exposure to one long day resulted in induction of flower 
buds in over 80 percent of the plantse They also reported 
that under continuous illumination flowering buds would be 
well-developed in seven days and that the final leaf number 


was usually four under these conditions. 


It can be concluded from their work that beth the 
duration of growth stages and the yield component 


relationships are greatly influenced by the environmente 
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MATERIALS AND NETHODS 


Unlicensed commercial lots of Argentine rape were the 
initial source of most of the Brassica napus varieties 
currently grown in Canadae White(1874) illustrated the 


development of Argentine rape varieties as in Figure 1. 


FIGURE 1. Development of Be napus varieties in 
Canada 


in the illustration below the varieties grown 
in Canada are listed in chronological order under 
the location of the institution at which the 
varieties were developede A single arrow leading 
from one variety to another indicates that the 
latter was derived from the former by selection, 
for example, Tanka was derived from Goiden by 
selectione Two or more arrows leading to a variety 
indicate that tne variety was selected from the 
progeny or crosses invotving the parents indicated 
for example, Oro was derived from progeny of 
crosses between Nugget and a selection from Lihoe 
The selection from Liho was used as a source of 
low erucic acid content in the seed oil. 


University of Manitoba Canada agriculture research 
Winnipeg station 
Saskatoon 
Argentine 1943 
Golden 1954 
1961 
Tanka 1963 sel. from Liho 
Target 1966 
Oro 1968 


From White( 1974). 


In 1970 the Be napus cultivars Oro, Target, and Nugget 


were self—-pollinated and reciprocally cross-pollinated. In 
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1971, the progeny were grown out and self-pollinated. 
Crosses and reciprocal crosses were again performed among 
the parental lines, thus providing parental, Fy,and Fo seed 


produced in the same yeare 


On May 14, 19874, this seed was ptianted at Parkland 
Farm, Edmonton Research Station, University of Alberta, 
Edmonton, as singte row plots 4 metres long and 30 
centimetres aparte Observation plots were separated by two 
guard rows of the cultivar Target. One hundred and #fifty 
seeds per row were planted. Two rows of each parent 
population, two rows of each Fy, population and four rows of 


each Fo population were planted. 


Observations on single plants were madee The number of 
plants included in the analysis varied with the 
population(Table 2). 


TABLE 2. Number of observations included in the analysis 


Population D Population n opul on n 
Nugget 94-117 Oro 109-128 Target 82-99 
(NXT )Fy 87-109 (NXO)F, 59-124 (COXT)F, 88-99 
( TXN )Fy 106-111 (OXN)F, 39-48 (TXO)F, 32-41 
(NXT )Fo 185-210 (NXO)Fo 143-170 (OXT)Fo 152-204 
(TKN)Fo 204-262 (OXN)Fo 199-239 (TXO)Fo2 125-158 


N=Nugget, O=Oro, T=Target, n=number of plants included 


Each plant was observed every day from emergence until 
July 15, 1974. Subsequently observations were made on 
alternate days until maturitye At which time the whole 


plants were pulled by hande The whole plants, including 
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roots, were individually bagged, dried, and analyzed for 


yield characterse 


At Parkland Farm, the 1974 growing season had only 94 
frost free days, from May 29th until September istste Dry 
conditions prevailed until the middle of June followed by 


about a month of high moisture conditionse 


For the description orf the growth stages, a 
modification of the key proposed by Harper and 
Berkenkamp( 1975) was used(Table 3). In this study a "stage" 
refers to the number of days from seeding to that stage and 
a Wneriod" refers to the duration of time between two 


stageSse 


The growth stage key of Harper and Berkenkamp uses 
sequential numberinge This is logical when only the main 
stem and main raceme are described as in their keye However 
in the application of this key to the lateral branches it 
should be noted that the stages are divergent and 
overlapping in charactere For example, in this study four 
periods which begin at the first flower M(4.10) are studied: 
first flower M to first flower 3(4.10-4.-13), first flower M 
to last first ftower(4.10-4.5), first flower M to end 
flower(4.210-5.-0), and first flower M to maturity(4e10-5.4). 
These periods are overlapping and describe different aspects 
of the flowering period.e Also, the rate of development in 


these various periods can be measurede For example the 
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TABLE 3-e Growth stage key and stage names 


Stage Name Description 
Ze 1 leaf i the number of days from 


seeding to the emergence 
of the first true leaf 
2-3 leaf 3 the number of days from 
seeding to the emergence 
of the third true leaf 


225 leaf 5 etce 
2e7 leaf a 
2-9 leaf 9 
3.0 initiation of the number of days from 
elongation seeding to initiation of 
internode elongation 
4.0 end elongation the number of days from 


seeding to initiation of 
elongation of the upper- 
most internode on the 
main stem 


4.10 first flower M first flower on main stem 

4.i1 first flower i first flower on the first 
secondary raceme 

4.12 first flower 2 first flower on the second 
secondary raceme 

4.13 first flower 3 etce 

4.14 first flower 4 

4.15 first flower 5 

4.216 first flewer 6 

4.5 last first first flower on the Last 

flower secondary raceme to 

flower 

5.0 end flower incipient petal fall of 
the last flower on the 
main raceme 

5.4 maturity seeds in the lowest pod of 


x the main raceme all 
; dark cclored 
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appropriate measure of the rate of development for first 
flower M to first flower 3(4.10-4.13) and first flower M to 
last first flower(4.10-4.5) would be flowering rate of the 
racemes while the appropriate rate of development for the 
period first ftower M to end flower(4.10-5.0) would be the 


flowering rate on the main racemee 


Observations on the stages listed in Tabte 3 were 
taken; also recorded weres 

1) the total number of leaves and leaf scars on the 

main stem( number cf leaves) 

2) the number of secondary racemes 

3) the number of tertiary racemes 

4) the number of pods on the main raceme(number of 

pods ) 

5) 1000 seed weight 

6) total plant weight 


7) seed yield 


Vegetative yield was calculated as the difference 
between the total plant weight and seed yield. Harvest index 
was calculated as the ratio of seed yield to total plant 
weighte Leaf emergence rate was estimated as the regression 
of the leaf number on the number of days from seeding to the 
emergence of that leafe Similarly the flowering rate of the 
racemes was calculated as the regression of the raceme 
number on the number of days to first flower of that racemee 


The flowering rate on the main raceme was calculated as the 
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ratio of the number of pods on the main raceme te the 
duration of the period first flower M to end 


flower(4e 10-5.0 de 


Analysis of variance was done for each variable as a 
completely randomized design with unequal replicatione 
Single plants were treated as replicates. The difference 
between the means of the populations were tested by least 
Significant differencee Significance of the difference of 
the Fy, population means from the mid-parent value(MP) was 
tested by the 95 percent confidence interval of the mean of 


the respective F, populationse 


The simple correlations between the characters observed 
were calculated. Partial correlations of these characters 
with seed yield holding vegetative yield constant were 


calculated as indicated by Steel and Torrie(i960 ): 


where: ry23 is the partial correlation of seed yield with 
the trait holding vegetative yield constant 


ri12 is the simple correlation of seed yield with the trait 


13 is the simple correlation of seed yield with vegetative 
yield 


r23 is the simple correlation of vegetative yield with the 
trait concernede 


Broad sense heritability estimates(h) were calculated 


by two methods: 
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VFi;~ VF2, VP3, VP2 are the variances of the 
populations: Fy, Fay Py, and Poe 


respective 
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BESULTS AND DISCUSSION 


GROWTH ANALYSIS OF THE CULTIVARS 


Comparison of means among the cultivars 


Oro was earliest and Target latest among the cultivars 
for the stages from leaf 1(2-1) to leaf 9(¢2.9)(Figure 2, 
Table 4). However for leaf 1(2-1) Oro was only significantly 
earlier than Targete For the stages leaf 3(02-3), 
leaf 5(2-5), leaf 7(2-7), and leaf 902-9), Oro was 
Significantly earlier than both Nugget and Target. Target 
was Significantly later than Nugget for the stages 


leaf 1(2-1), Leaf 3(2-3), and leaf 7( 2-7). 


There was no Significant difference in the days to 


initiation of elongation(3.0) between the cultivars. 


Target was earliest and Oro latest for ali the stages 
from end of elongation(4.0) to maturity(5.4). Target was 
Significantly earlier than both Nugget and Oro for ait of 
these stages except first flower 5(4.15) and first flower 
6( 4-16) for Nuggete Oro was significantly later than both 
Nugget and Target for alt of these stages except first 


flower 1(4.11), and end flower( 5.0). 


For the periods leaf 1 to initiation of 
elongation(2.1- 3.90), initiation of elongation to first 
flower M(3.0-4.-10), first flower M to last first 
flower(4.10-4.5), first flower M to end flower(4.10-5.0), 


and first flower M to maturity(4.10-5.-4), Nugget was only 
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Figure 2 
Population Means Of The Growth 


Characters 


For The Cultivars: Nugget, Oro, And Target 
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TABLE 4. Population means of the growth characters for the 
cultivars: Nugget, Oro, and Target 


Days from seeding 


Stage Nugget al Gro mn Target a 
Bnd 1&.7a2 117 18.6a 128 19.0b 99 
2-3 24.29b 116 24.0a 128 25.5c 99 
2-5 30.4n 116 29-1a 129 30.6b 99 
207 35-3b 117 33.8a 128 35.7c $9 
209 37-8b 44 37.0a 6 38-0b £78 
3-0 35.0a 116 35.0a 128 35.0a 99 
4.0 52-2b 116 53e3c 128 48.4a 99 
4210 54.8b 116 55.5¢ 128 50.2a 99 
4e11 58.4b 115 59-0b 126 54.2a 98 
4.12 59-9b 111 60.7c 124 55.8a 98 
4.13 61.5b 102 62-5c¢ 120 57.7a 98 
4.14 626b 81 639c 102 59.8a 88 
4.15 63-9a 51 656b 77 62-9a 50 
4216 64ela 17 6644b 27 63-7a 16 
4.5 63-8b 92 65.9c 102 62.9a 78 
5.0 74.3b 92 174.6b 102 70.7a 78 
5.4 115.1b 92 116.0c 102 112.6a 78 


Duration of period in days 
Period Nugget 2 Oro n Target Q 
(2e1-3.-0) 16.5b 117 16.4b 128 16.0a $9 
(3e0—-4-1) 20-0b 116 20.0b 128 15.0a sg 


(4.-1-4.5) GeJa 92 10-6b 102 12.0c 78 
(4.1-5-0) 139-6a 92 19.4a 102 20.7b 78 
(4.1-5-4) 60.ia 92 60.5a 102 62-5b 78 


eee eee 


Rates of development 


Rate? Nugget 2 Cro n  Jarget n 
LER °36b 116 °40c 126 35a 99 
FLR °45b 92 °44c 102 35a 78 


FR 2e55c 92 24«34b 102 1485a 78 


os 


ln is number of observations used for each population in the 
analysis of variance 

2nopulation means for each variable followed by the same 
letter are not significantly different at the 5% level 
(least significant difference ) 

3LER sleaf emergence rate, tleaves per day 

FLR :flowering rate of the racemes, racemes per day 

FR :flowering rate on the main raceme, flowers per day 
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Significantly shorter than Oro for the period first flower M 
to last first flower(4.10-4.5). Compared to Nugget and Cro, 
Target had significantly shorter periods leaf 1 to 
initiation of elongation(2.1-3-0) and initiation of 
elongation to first flower M(3.0-4.10) and significantly 
Longer periods tleaf 1 to initiation of elongation(2.1-3.0) 
and initiation cf elongation to first flower M to last first 
flower(4.10-4.5), first flower M to end flower(4.10-5.0), 


and first flower M to maturity( 4-10-54) . 


Leaf emergence rate( LER), flowering rate of the 
racemes(FLR), and flowering rate on the main raceme(FR) were 
alt significantly different for each of the three cultivarse 
Target had the lowest values of allt three rates of 
development, Oro had the highest vatues of LER and FLR, and 


Nugget the highest FRe 


Discussion 


Two of the main objectives of western Canadian rapeseed 
breeding programs, early first flower M and high yield can 
explain some of the observed cultivar differencese Selection 
for early maturity has largely been done through selection 
for early first flower Me This has usually been followed by 


selection for high yield. 


Target exhibited some traits that would tend to make it 


a late varietye Target was latest for the stages from leaf 1 
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to tleaf 9 and had the longest periods first flower M to 
first flower 3, first flower M to last first flower, first 
flower M to end flower, and first flower M to maturity. 
Target also had the lowest leaf emergence rate, lowest 
flowering rate of the racemes, and lowest flowering rate on 
the main raceme. The major factor leading to early maturity 
in Target was the time to first flower Me Target was 
earliest for first flower M and earliest for all subsequent 


stagese 


The observed increased length of the flowering periods 
for Target may nhave been necessary in order to maintain high 
yield while selecting for early first flower Me 
Altermatively, the increased length cof the flowering periods 
may be due to a smaller response of the later stages to 
selection for earliness than the response of first flower M 


when the selecticn criteria is earliness of first flower Me 


It appears that an early maturing cultivar may be 
produced by combining the earliness of first flower M with 
earliness of the stages from teaf i to leaf 93 with 
shortness of first flower NM to first flower 3(4-.10-4.13), 
first flower M to tast first flower(4.10-4.5), first 
flower M to end flower(4-10-5.0), with high leaf emergence 
rate, high flowering rate of the racemes, and high flowering 


rate on the main racemee 
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Correlations among the Zrowth Stages and rates of 


In the consideration of the characters to be included 
in the analysis of the relationshins among the growth 
characters it was necessary to avoid redundancy white 
including sufficient characters to adequately describe the 


growth pattern and yield characteristics. 


ALL the Significant correlations among the growth 
stages leaf 1(2-1), Leaf 7(2-7), first flower M(4.10), first 
flower 3(4.13), last first flower(4.5), end flower( 5.0), and 
maturity(5.4) were positive(Table 5). Leaf 1(2-1) was 
Significantly correlated for att three cultivars with 
leaf 70207), first flower M(4.10), and first flower 3(4.13). 
Significant correlations were also found for leaf 1(2.1) 
with last first flower(4.5) for Oro, with end flower(5.0) 


for Nugget, and with maturity(5.4) for Nugget and Target. 


Leaf 7(2-7) had significant correlations for all three 
cultivars with all six of the other growth stages except for 
the correlation of leaf 7(2.-7) with end flower(5.0) which 


was only significant for Nugget and Target. 


Both first flower M(4.10) and first fiower 3(4.13) were 
significantly correlated with alt of the other six growth 


stages for all three cultivars. 


Last first flower( 4-5) was significantly correlated for 
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atl three cultivars with all six of the other growth stages 
except teaf 102.21) which had a significant correlation only 


for Oroe 


End flower(5.0) was significantly correlated with 
leaf 1(2.1) for Nugget, leaf 7(2-7) for Nugget and Target 


and for all three cultivars with the other four stagese 


Maturity(5.4) was significantly correlated for atl 
three cultivars with all six of the other stages except with 


leaf 1(2-1) for Croe 


All the significant correlations of leaf emergence 
rate( LER) with the growth stages were negative except for 
the significant positive correlations of LER with 
leaf 1( 2-1) for Target and with first flower M(4.10) for 
Nuggete For Nugget, significant correlations were found for 
LER with leaf 7(2.7), first flower M(4.-10), first flower 
3(4.-13), last first flower(4.5), and maturity(5.4)-e For Oro, 
Significant corretations were found between LER and 
leaf 7(2-7), first flower M(4.10), and first flower 3(4.-13).- 
For Target, significant correlations were found for LER with 


leaf 1(2¢1), Leaf 7( 2-7); and maturity( 5-4). 


Flowering rate of the racemes(FLR) had significant 
negative correlations with leaf 7(2-7) and first flower 
3( 4.13) for Nugget, with leaf 1( 2-1), leaf 7(2-7), first 
flower 3(4.13), and last first flower(4.5) for Oro, and with 


leaf 7(2-7) and last first flower(4.5) for Target. 
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All the significant correlaticns cf flowering rate on 
the main raceme( FR) with the growth stages were negative 
except for that with first flower M(4.10) for Oro. Flowering 
rate on the main raceme was significantly correlated with 
the growth stages leaf 7(2.7) and maturity(5.4) for Nugget, 
with first flower M(4-10) and end flower(5.0) for Oro and 


leaf 702-7), end flower(5e0), and maturity(5.4) for Target. 


All the significant correlations among the three rates 
of development were positivee For Nugget there were 
Significant correlations among all three rates of 
development. For Oro the significant correlations were for 
LER with FLR and FLR with FRe For Target the only 


Significant correlation was between LER and FRe 


Corretations between growth stages and growth periods 


Leaf 1(2.-1) was significantly negatively correlated 
with the periods leaf 1 to leaf 7(2-1-2.-7) for Nugget and 
Target, leaf 1 to last first flower( 2.1-4.5) for Nugget and 
leaf 1 to end flower(2.1-5.0) for Target, and positively 
correlated with leaf 1 to first flower M(2e1-4.10) and 
leaf 1 to first flower 3(2.1-4.13) for Cro(Table 6). Ail the 
significant correlations between the stages subsequent to 
leaf 1(2.-1) and periods beginning at tleaf 102-1) were 
poSitivee High values were found for all three cultivars for 


the correlation between the respective end point stage and 
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the periods leaf 1 to first flower M(2.1-4.10), leaf 1 to 
first flower 3( 2e1-4.13), leaf 1 to last first 
flower(2e1-4.5), leaf 1 to end flower(2.1-5.0), and leaf 1 
to maturity(2.1-5.4). These correlations ranged from 0.82 to 
0.98. However the correlation of leaf 7(2-7) with the period 


leaf 1 to leaf 7(2.1-2-7) ranged only from 0-62 to O71. 


For the periods beginning at leaf 7(2-7), leaf 7(2.7) 
was sSignificantiy and negatively correlated the period 
leaf 7 to last first flower(2.7-4.5) for Nugget and leaf 7 
to end flower(2.7-5.0) for Nugget and Oroe Significant 
positive correlations were found between leaf 7(2.-7) and 
leaf 7 to first flower 23(2-7-4.13) for Oro, and leaf 7 to 


maturity(2e7-5.-4) for Target. 


High significant values were found for ait three 
cultivars for the correlations between the respective end 
point stages and the periods leaf 7 to first flower 
M( 2.7-4.10), leaf 7 to first flower 3(2-7-4-13), leaf 7 to 
last first flower(2-7-4.5), leaf 7 to end flower(2.7-5.-0), 
and leaf 7 to maturity( 2.7-5-4)-. These correlations ranged 


from 0e84 to 0-95-6 


The significant correlations of first flower M(4.10) 
with the periods beginning with first flower M(4.10) were 
all negativee Significant correlations were found with the 
periods first flower M to last first flower(4-10-4.5) for 


Nugget and Oro, first flower M to end flower(4.10-5.0) for 
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all three cultivars, and first. flower M to 


maturity(4.10-5.-4) for Oro. 


The correlations of the respective end point stages 
with the periods first flower M to first flower 
3(4-10-4.13), first flower M to last first flower(4.-10-4.5), 
first flower M to end flower(4.10-5.0), and first flower M 
to maturity(4.10-5.4) were all significant but most were not 


highe They ranged from 0.31 to 0.80. 


Correlations of the rates of development with the growth 
periods 


The correlations of leaf emergence rate(LER) with 
periods beginning at leaf 1(2.1) were all negative(Table 6). 
Significant correlations were found for all three cultivars 
for LER with the periods teaf 1 to leaf 7(2-1-2.7), tleaf 1 
to first flower M(2.21-4.10), and tleaf 1 to first flower 
3(2-1-4e13).e Significant correlations were atso found for 
LER with leaf 1 to tlast first flower(2.1-4.5) for Nugget, 
leaf 1 to end flower(2.1-5-0) for Target, and leaf 1 toa 
maturity(2.1-5.4) for Nugget and Target. The correlations of 
LER with leaf 1 to tleaf 7(2-1-2.7) were high, ranging from 


-0.87 to -0.93-6 


The few significant correlations cf LER with the 
periods beginning at leaf 7(2.7) were positive and included 


leaf 7 to last first flower(2.7-4.5) for Cro, and teaf 7 to 
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end flower(2-e7-5.0) for Nugget. 


The significant negative correlations of LER with the 
periods beginning at first flower M(4.10) were with the 
periods first flower M to first flower 3(4.-10-4.13) for Gro 
and with first flower M to maturity(4.10-5.4) for Nugget and 
Target. The only significant positive correlations with LER 
were with first flower M to last first flower(4.10-4.5), and 


first flower M to end flower(4.10-5.0) for Nuggete 


The significant negative correlations of the flowering 
rate of the racemes with the periods beginning at 
leaf 102.1) were with teaf 1 to leaf 7( 201-2.7) for Oro, and 
with leaf 1 to itast first flower(2.1-4.5) for Target. The 
significant positive correlations were for FLR with tleaf 1 
to first flower M(2.1-4.10) for Target, leaf 1 to end 
flower( 2.1-5.0) for Oro, and with leaf 1 to 


maturity(2e1-5.4) for Target. 


The significant positive correlations of FLR with the 
periods beginning at leaf 7(2-7) were with the periods 
leaf 7 to first flower M(2.7-4.10) for Cro and Target, with 
leaf 7 to end flower(2-7-5-0) for Oro, and with leaf 7 to 
maturity(2.7-5.4) for Target. The significant negative 
correlations for FLR were with leaf 7 to first flower 
3( 2-7-4213) for Nugget, and leaf 7 to last first 


flower(2.7-4.5) for Target. 


Significant correlations for FLR with the periods 
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beginning at  tirst flower M(4.10) were all negative. These 
were the correlations of FLR with first flower M to first 
flower 3(4.-10-4.13) for all three cultivars, with first 
flower M to last first flower(4.10-4.5) for Oro and Target, 
and with first flower M to end flower( 4.10-5.0) for Target. 
The correlations of FLR with first flower M to first flower 
3(4.-10-4.13) were relatively large and ranged from -0-55 to 


—-0.73~- 


The significant negative correlations of the flowering 
rate on the main raceme(FR) with the periods beginning at 
leaf 1(2.1) were for FR with leaf 1 to leaf 7(2-1-2-7) for 
Nugget and Target, leaf 1 to end flower(2.1-5.0) for Oro and 
Target, with leaf i to maturity(2.1-5.4) for Target. The 
only significant positive correlation was between FR and 


leaf 1 to first flower M( 2-1-4.-10) for Croe 


The significant correlations for FR with the periods 
beginning at leaf 7(2.7) were negative for FR with leaf 7 to 
end flower(2.7-5.0) for Oro and Target, and positive with 
leaf 7 to first flower M( 2-7-4210) for Oro, and with leaf 7 


to last first flower(2.7-4-5) for Nugget. 


All the significant correlations of FR with the periods 
beginning at tirst flower M(4.10) were negativee The 
significant correlations were between FR and the periods 
first flower M to first flower 3(4.10-4.13) for Oro and 


Target, first flower M to last first fiower(4.10-4.5) for 
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Oro, first flower M to end flower(4.10-5.0) for Oro and 
Target, and with first flower M to maturity(4.10-5.4) for 


Nugget and Oroe 


Correlations among the growth periods 


A few major periods were selected in order to study the 
relationships among the growth peiods(Table 7). These 
included the periods leaf i to leaf 7(2e1-2e7), leaf i to 
first flower M( 2-1-4210), leaf 7 to first flower 
M(2-e7-4.10), first flower M to first flower 3(4.10-4.13), 
first flower MN to last first flower(4.10-4.5), first 
flower M to end ftlower(4.10-S.0), and first flower M to 


maturity(4.10-5.-4). 


The significant correlations of the period leaf 1 to 
leaf 7(2-1-2-7) with the other periods were all positive 
except for the correlation with first flower M to end 
flower( 4-10-5.0) for Nuggete The significant positive 
correlations were with leaf 1 to first flower M(2.1-4.10) 
for atl three cultivars, with first flower M to first flower 
3(4.10-4.13) for Oro and Target, with first flower M to end 
flower(4.10-5.0) for Nugget, and with first flower M to 


maturity(4.10-5.4) for Target. 


Leaf 1 to first flower M(2.-1-4.10) had significant 
positive correlations with leaf 1 to leaf 7(2.1-2.7) and 


with leaf 7 to first flower M(2-7-4.-10) for ail three 


oe eee: tring ie ae anno g oh vewet yal 


vel a ine ae ee Dinan, ad “baby bo baie ¥ Siete Favew ant 
ee achoes Pave ‘a ih Se : 
et Rain vb Padend 4h a inet oe h oer onedre. ‘aoe 
ee ee # Sennen et ons, 

Ay HDG ue site’ ete or, a sein: fest 00 Pome 
deme es) Ve vio 49 Dotan f piety i, i +a 


ae on 


sf she 
ty re {i 


ara Sid sae “hal. to » pail soocthanats a: ‘ 
avtt dae hk ain et ‘ahse tonne, aaRO! ie aN A TeSebse at , 
ee nn re “aod tmipnave a imme 
web bono tyne ae a sin ce 1O2A04bE abet 
far shake me wong ts ae ht ' awed nie one ao ita tnaee 
ne onink Sina és nH Anobh rei boae | “el ti vemrd + at 


a {ly 
aie of fe vo seid. ‘ance, “ale atngat neve oH ea 0d BONE in : 
of DB trewOlt peak td he me iheee | Wel 10 15-0 68 reno 7 

| a ial st aor “e ro bavhen ‘ 


4 


rach up, te. Wort re tot es feels oe t trent 


bam AC .8-1.0 Feud op 1 tail dbs ton Stndowiwes uv iitdeog 


Be 
Marat Jin ‘ee (Oe hei ay de Wek ‘fexrdi be band abt Ae 
 - | 


Bef) 


1OAS7T YT OUR FV ZFURVITFTUATS ax $42A0% %SG PUY FB ZFUVOTFTUSTSy 
OUT. wWOLZOG=3Z9SIRY pues Foutz, eaypPFU=o04FO 6euty, do_a=zet2nn TSTCATZR UNO? 


St? 
OT? 
*xSC° (O0°S-OT°?) 
ZOOS KEG. 
x6 T° xx OE ° 
oo — KELP? (S°P-OT°?) 
10 8 90° 00° 
dt So fig Ss xXEDT ° 
EOl = 00° xCoT ” (ET*P-OT*F) 
*RLTO MK XXEPe= Si oe 90 = 
Sdeng) EE Sa Go *XOP P= cee ese ae 
SOS Dis Capen EKTP om c0°- COTPE-L°T) 
PIe- exe = Eber so° **x COG ° 
5a KG xxSS o— *XSP om *EGT Pm **ES ® 
SOs ** TSP XD om CO *xXLE° COT°R—-T°T) 
*ST° OT * vO° *xST° WAS KKDE? 
ric= Cie — CO Ce 19 oe *xBE®? 
oe Sites #*BT EO PI°- ro? S0°- xxSP ® CEL S=—TeG) 
CP°S-O1°P) (0°S-OT°?) (S°P-OT°?P) CET*P-OT°t) (OT°R-L°T) (OT*P-T°T) SpoTted 


Spopseg 


yeeOTICL pue 4ou9g 4$3e8ESSNN sSAIVPAFPINID OY BOE Sspotsed yAMoUsA BuodowNse Suoyzfze79stsIOO *L ATAVL 


. eee reeert es 


roe 


es 


2 


- 


ey cn make 5 ee 


bh. Se 


a 
a 


= = 
wae 
es 


cultivars. Significant negative correlations were found for 
leaf 1 to first flower M(2.1-4.10) with first flower M to 
first flower 3(4.10-4-13) for Cro. First flower M to last 
first flower(4.10-4.5) for Nugget and Oro, first flower M to 
end flower(4.10-5.0) for all three cultivars, and first 


flower M to maturity(4.-10-5-4) for Oroe 


ALL the significant correlations of leaf 7 to first 
flower M(2.7-4.10) with other periods were negative except 
for the hign positive correlations with tleaf 1 to first 
flower M(2.1-4.10). Significant correlations were found with 
first flower M to end ftlower(4.10-5.0) for all three 
cultivars, with first flower M to first flower 3(4.10-4.13) 
for Oro, with first flower M to last first flower(4.10-4.5) 
for Nugget and Oro, and with first flower M to 


maturity(4.10-5.4) for Oro and Target. 


The significant positive correlaticns of other periods 
with first flower M to first flower 3(4.10-4.13) were with 
leaf 1 to leaf 7(2-1-2.7) for Oro and Target, and with first 
flower MN to last first flower(4.10-4.5) for Nugget and Croe 
The significant negative correlations were with leaf 1 to 
first flower M(2.1-4.-10) for Oro and leaf 7 to first flower 


M(2-7-4.10) for Oroe 


The significant negative correlations of the periods 
with first flower M to Last first flower(4.10-4-5) were with 


leaf 1 to first flower M(2-1-4-10) and tleaf 7 to first 
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flower M(2-7-4.10) for Nugget and Oroe The significant 
positive correlations were with first flower M to first 
flower 3(4.10-4.13) for Nugget and Oro, with first flower M 
to end flower(4.10-5-0) for all three cultivars, and with 


first flower M to maturity(4.210-5.4) for Oroe 


The significant positive correlations of first flower M 
to end flower(4-10-5.0) were with first flower M to last 
first flower(4.10-4-5) for all three cultivars, and with 
first flower M to maturity(4.10-5.4) for Nuggete The 
Significant negative correlations were with leaf 1 to leaf 
70 2.1-2.7) for Nugget, and with tleaf 1 to first flower 
M(2-1-4-10) and teaf 7 to first flewer M(2.7-4.10) for allt 


three cultivarse 


The significant positive correlations of first flower M 
to maturity(4.10-5.4) with the periods were with leaf 1 to 
leaf 7(2e1-2-7) for Target, with first flower M to last 
first flower(4.10-4.5) for Gro, and with first flower M to 
end flower(4.10-5.0) for Nuggete The significant negative 
correlations were with leaf 1 to first flower M(2-1-4.10) 
for Oro, and with leaf 7 to first flower M(2.7-4.10) for Oro 


and Targete 


Discussion 


The correlations studied were for within cultivar data 


and are likely ta be largely due to environmentat effectse 
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However this does not preclude the possibility that some of 
the effects within cultivars is also due to genetic 


variabilitye 


There is a general lack of strong correlations among 
the growth characterse Among all the correlaticns of the 
growth stages and rates of development only the correlation 
of first flower M with first flower 3 was highe Thus’ the 


growth characters measured were largely independent. 


All the significant correlations among the growth 
stages were positivee This indicates that earliness of the 
initial stages leads to earliness of the later stages. Of 
particular interest are the values for the correlation 
between first fiower M and maturitye The values were large 
enough in magnitude to somewhat justify the use of first 
flower M as a criterion of selection for early maturitye 
However the correlations were low enough to indicate that 
factors other than first flower M contribute to determining 


the time to maturitye 


The significant correlations among the rates of 
development were ait positive, indicating that high 
developmental rates at different times and for different 
aspects of greawth were positively associatede Most of the 
significant correlations of the rates of development with 
the growth stages were negativee Thus, high rates of 


development were associated with earliness of the growth 
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stagese However, for Target lateness of leaf 1 was 
associated with high teat emergence rate, and for Oro 
lateness of first flower M was associated with high 


flowering rate on the main raceme. 


Most of the correlations between stages and growth 
periods were low indicating little association between the 
time of the growth stage and the tlengths of the growth 
periods. Many of the correlations of the end point stages 
with their respective periods were highe These high 
correlations indicate that the measurement of the end point 
stage is an adequate indicator of the length of the period. 
Periods which were not found to be adequately measured by 
the end point stage were teaf 1 to leaf 7, first flower M to 
first flower 3, first flower NM to last first flower, first 


flower M to end flower, first flower M to maturity. 


The thigh correlations of first flower M with first 
flower 3 resulted in the relatively thigh correlations of 
first flower M with the periods leaf 1 to first flower 3 and 
leaf 7 to first flower 3 as wett as the relatively high 
correlations for first flower 3 with the periods teaf 1 to 


first ye M and leaf 7 to first flower Me 


The low correlations of first flower M with the 
subsequent periods are of particular intereste The Low 
correlations of first flower M with first flower M to first 


flower 3 were due to the high correlations between first 
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flower M and first flower 3 and indicate that first flower M 
has little effect on the duration of first flower M to first 
flower 3. The moderately high negative correlations of first 
flower M with the periods from first flower M to last first 
flower and first flower M to end flower indicate later first 
flower M leads to shorter flowering periodse The Low 
correlations of first flower M with the period first 
flower M to maturity indicates that tirst flower M has 


little effect on the duration of first flower M to maturitye 


Almost all the correlations of the rates of development 
with the growth periods were lowe The high values for the 
correlations of leaf emergence rate with the period tleaf 1 
to leaf 7, flowering rate of the racemes with first flower N 
to first flower 3, and flowering rate on the main raceme 
with first flower M to end ftower(4.10-5.0) were not 
unexpected. No other high correlations were observede Only 
the correlation of leaf emergence rate with leaf 1 to leaf 7 
was high enough to indicate that the period from leaf i to 


leaf 7 was a good indicator of leaf emergence rate. 


All the correlations of leaf emergence rate with the 
periods beginning at leaf 1 were negative; high leaf 
emergence rate was thus associated with shortness of these 
periodse The effect of high leaf emergence rate appears to 
be largely due to its association with early leaf 7 as there 
were no significant negative correlations of leaf emergence 


rate with periods beginning at leaf 7- Both leaf emergence 
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rate and leaf 7 were negatively associated wtth the periods 
first flower M to first flower 3 and first flower M to 
maturity, and were positively associated with the periods 
first flower M te last first flower and first flower M to 
end flower in some of the cultivarse Thus high leaf 
emergence rate is associated with rapid flowering, early 


maturity, and longer flowering periodse 


Both the flowering rate of the racemes and the 
flowering rate on the main raceme have significant negative 
correlations with leaf 1 to leaf 7 and significant positive 
correlations with leaf 7 to first erlawes Me This further 
indicates that rapid development in the initial pericd 
leaf 1 to leaf 7 is associated with rapid development during 
the Later periodse However, longer period leaf 7 to first 
flower M also as associated with high flowering ratese Ail 
the significant correlations of the flowering rates with the 
periods beginning at first flower M were negativee Thus high 
flowering rates are associated with a reduced duration of 
the flowering period, and high flowering rate on the main 
raceme is associated with reduced first flower M to 


maturitye 


Among the correlations of the growth periods selected, 
enly the correlations between leaf 7 to first flower M and 
leaf 1 to first flower M were highe Thus the lengths of the 


various growth periods were largely independent. 
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The duration of leaf 1 to leaf 7 was about the same as 
that between leaf 7 to first flower Me However, the 
correlations between leaf 1 to first flower M and leaf 7 to 
first flower M were much hiotes than those with leaf 1 to 
leaf 7. The correlations of leaf 7 to first flower M with 
the periods beginning at first flower M were more similar to 
the correlations of tleaf 1 to first flower M with these 
periods than were the correlations of leaf i to leaf 7. Thus 
leaf 7 to first flower M was a more important determinant of 
the duration cf leaf 1 to first flower M than was leaf 1 to 
leaf 7 and had a greater influence on the later periods than 


did leaf 1 to leaf 7. 


In general the low correlations among the characters 
observed indicate that strong associations are not the rulee 
There is however, evidence that breeding for earliness of 
early growth stages and high rates of development wilt 
result in earliness of the later stages, including maturity. 
The time to first flower M was indicated to be the major 
factor in determining the time to later stages, however the 
duration of the period first flower M to last first flower 
and first flower M to end flower likely have a strong 
relationship with the time to overall plant maturitye Thus 
in selection for earliness of maturity, the Length of the 


periods subsequent to first flower M are also importante 


The generally low correlations among the growth 


characters studied indicates that it should be possible toa 
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produce cultivars with the combination of periods of the 


appropriate Lengths and the desired rates of development. 


Correlations Sf the growth characters with the yield 
Sharacters 


All the significant correlations of yield characters 
with leaf 1(2.1) were negative(Table 8). For Nugget, 
Significant correlations with leaf i were found for att 
yield characters except 1000 seed weight and vegetative 
yield. For Oro, Significant negative correlations with 
leaf 1 were found for number of tertiary racemes, number of 
pods, total plant weight, vegetative yield and seed yield. 
For Target, significant correlations with leaf 1 were found 
for all yield characters except number of leaves, harvest 


index and 1000 seed weight. 


ALL the Significant corretations of the yield 
characters with leaf 7(2.-7) were negative except for the 
correlation with 1000 seed weight for Orce Significant 
correlations were found for Nugget and Oro for leaf 7 with 
1000 seed weight, vegetative yield and harvest index, and 


for all three cultivars with the remaining yield characterse 


For Nugget, all the significant correlations of first 
flower M( 4.10) with the yield characters were negative and 
there were significant correlations with all the yietd 


characters except number of ltleaves and 1000 seed weight. For 
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Oro, the onty significant correlations for first flower M 
were negative with harvest index and positive with 1000 seed 
weighte For Target, the significant correlations of first 
flower M were positive with number of leaves and negative 
with number of tertiary racemes, number of pods and i000 


seed weight. 


ALL the significant correlations of first fiower 
3( 4.13) with the yield characters were negative except for 
that of first flower 3 with 1000 seed weight for Oroe For 
Nugget, Significant correlations were found with allt the 
yield characters except number of leaves and 1000 seed 
weight. For Oro, significant correlations were found for 
first flower 3 with number of secondary racemes, number of 
tertiary racemes, 1000 seed weight and harvest indexe For 
Target significant correlations for first flower 23 were with 


number of tertiary racemes and with number of podse 


The significant correlations of Last first flower(4.5) 
with the yield characters for Nugget was the negative 
correlation with harvest indexe The significant correlations 
with lest first flower for Oro were the positive 
correlations with number of secondary racemes, 1000 seed 
weight and vegetative yieitd and negative with harvest index. 
The significant correlations for Target were positive with 


harvest index and negative with number of podse 


ALL the significant correlations of end flower(5.0) 
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with the yield Characters were positive. For Nugget, a 
significant correlation was onty found with number of podse 
For Oro, Significant correlations were found with all the 
yield characters except number of leaves, number of tertiary 
racemes, and harvest indexe For Target, there were no 
Significant correlations between end flower and yield 


characterse 


For Nugget, maturity(5.4) was Significantiy and 
negatively correlated with all yield characters except 1000 
seed weighte For Oro, the significant correlations were 
negative with number of leaves and harvest index, but 
positive with 1600 seed weight and vegetative yield. For 
Target, the cnly significant correlations of yield 
characters with maturity were the negative correlations with 


number of pods and harvest indexe 


All the significant correlations of the yield 
characters with tleaf emergence rate were positivee For 
Nugget, significant correlations of LER were found with att 
yield characters except 1000 seed weighte For Oro, 
Significant correlations of LER were found with alt yield 
characters except number of pods, 1000 seed weight, total 
plant weight and vegetative yielde For Target, the only 


significant correlation was hetween LER and number of podse 


The significant correlations of flowering rate of the 


racemes with the yield characters were alt positivee For 
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Nugget, significant correlations were found for FLR with all 
the yield characters except number of leaves and 1000 seed 
weighte For Oro, significant correlations were found for FLR 
with all the yield characters except harvest index and 1000 
seed weight. For Target, significant correlations were found 


for total plant weight, vegetative yield and seed yield. 


All of the sigrificant correlaticns of flowering rate 
on the main raceme with the yield characters were positive. 
Nugget had significant correlations of FR with all the yieid 
characters except 1000 seed weighte Oro had significant 
correlations of FR with number of tertiary racemes, number 
of pods, total plant weight, vegetative yield and seed 
yield. Target had significant correlaticns of FR with all 
the yield characters except number of tertiary racemes, 1000 


seed weight and harvest indexe 


All the significant correlations of the period teaf 1 
to leaf 7(02.1-2-7) with the yield characters were 
negative(Table 9). Significant correlations were found for 
Nugget between leaf 1 to leaf 7(2e1-2-7) and number of 
secondary racemes, number of pods, harvest index, total 
plant weight, vegetative yield and seed yielde Significant 
correlations were found for Oro for leaf 1 to leaf 
7( 2e1-2.7) with number of tleaves, number of secondary 
racemes, number of tertiary racemes, number of pods, harvest 
index, and seed yielde The only significant correlation 


found for Target was between leaf 1 to lteaf 7(2e1-2.7) and 
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number of pods. 


All the significant correlations bhbhetween leaf 1 to 
first flower M(2.1-4.10) and the yield characters were 
negative except for the correlation of leaf 1 to first 
flower M(2e1-4.-10) with number of Leaves for Target and with 
1000 seed weight for Oroe Nugget had significant 
correlations eof leaf 1 to first flower M(2.1-4.10) with all 
the yield characters except number of leaves and 1000 seed 
weighte Oro had mig haedeans correlations for leaf 1 to first 
flower M(2.1-4.10) with 1000 seed weight and harvest indexe 
Target had significant correlations for leaf i to first 
flower M(2.1-4.10) with number of leaves, number of pods and 


1000 seed weight. 


All the significant correlations of leaf 7 to first 
flower M(2.7-4-10) with the yieid characters for Nugget were 
negativee Significant correlations were found for Nugget for 
leaf 7 to first flower M(2.-7-4.-10) with alt the yield 
characters except number of leaves, number of pods, and i000 
seed weight. The only significant correlations for Oro were 
the positive correlations of leaf 7 to first flower 
M( 2-7-4210) with 1000 seed weight and vegetative yield and 
the negative correlation with harvest index. The significant 
correlations of leaf 7 to first flower M(2-7-4.10) with the 
yield characters for Target were positive with number of 
leaves and number of secondary racemes and negative for 


number of pods and 1000 seed weight. 
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Alt the significant correlations of first flower M to 
first flower 3(4.-10-4.13) with the yield characters were 
negativee Significant correlations were found for all three 
cultivars for first flower M to first flower 3(4.10-4.13) 
with number of secondary racemes; number of tertiary 
racemes, 1000 seed weight, and seed yielde For Nugget and 
Oro significant correlations were found for first flower M 
to first flower 2(4.10-4.13) with vegetative yielde For Oro 
and Target significant correlations were found for first 
flower M to first flower 3(4.10-4.13) with number of leaves 


and number of podse 


Alt the significant correlations of first flower M to 
last first flower(4.10-4.5) with the yield characters were 
positivee For Nugget, the correlations of first flower M to 
last first flower(4.10-4.5) with the yield characters were 
all significant except number of tleaves and 1000 seed 
weighte For Cro, the only significant correlation of first 
flower M to last first flower(4.10-4.5) was with number of 
secondary racemese For Target, the significant correlations 
of first flower M to tast first flower(4.10-4.5) with the 


yield characters were with 1000 seed weight and seed yield. 


Significant and positive correlations of first flower M 
to end flower(4.10-5-0) were found for Nugget with ait the 
yield characters except number of leaves and 1000 seed 


weight, and for Oro with number of secondary racemes, number 
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of pods, total plant weight, vegetative yield, and seed 
yield. For Target significant correlations of first flower M 
to end flower(4.10-5.0) were negative with number of leaves 
and harvest index, and positive with nuaber of pods and seed 


yield. 


All the significant correlations of first flower M to 
maturity(4.10-5.4) with the yield characters were negative 
and were with number of Leaves, number of secondary racemes, 
and harvest index for Nugget, and number of teaves for Oro 


and Targete 


All of the significant partial correlations with seed 
yield holding vegetative yield constant( PCY), for the growth 
stages and periods were negative except for the PCY of first 
flower M(4.10) for Oro and tlast first flower(4.5) for 
Targete The PCY for the growth stages were all significant 
for Nugget and Oro and for last first filewer(4.S) and 
maturity(5.e4) for Targete The significant PCY of the growth 
periods were for leaf 1 to leaf 7(2-1-2-7) for Oro, leaf 7 
to first flower M(2.-7-4.10) and teaf 1 to first flower 
M(2.21-4.10) for Nugget and Oro, first flower M to first 
flower 3(4.10-4.13) for Oro and first flower M to last first 


flower(4.10-4.5) and first flower M to maturity(4.10-5.4) 


for Targete 


The significant PCY for the rates of develcpment were 


positive for LER for Nugget and Oro, for FLR for Oro and for 
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FR for Nugget and was negative for FLR for Target. 


Discussion 


The correlations of the growth characters with the 
yield characters were all low, indicating that no singie 
growth character has a major effect on yield. The 
Significant correlations of the yield characters were mostly 
negative with the growth stages and initial growth 
periods( periods prior to first flower M) and positive with 
the rates of development. These data indicate that the 
growth characters which were associated with earliness and 
rapid development were also associated with high yield, an 
encouraging observation for breeding programs with high 
yield and early maturity as concurrent objectivese However 
the relationship of these characters may have been affected 


by late spring frosts and early fall frost. 


The significant PCY of the growth stages and initial 
growth periods were mostly negative and indicated that the 
association of growth stages and short initial growth 
periods with high seed yield is independent of their 


association with high vegetative yield. 


The relationships of the later periods with the yield 
characters were more varied than the initial pericdse A long 
period first flower M to first flower 3 was observed to he 


masked in the growth stages by the negative association of 
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first flower M with the yield characters as indicated by the 
correlations of first flower M and end flower with the yield 
characterse Only for Oro was a positive association between 
lateness of these stages and high yield characters observede 
However there were no Significant positive partial 
correlations with seed yield for either first flower M to 
last first flower or for first flower M to end flower. This 
indicates that the positive association with higher yield 
characters of a longer duration for these periods was due to 


their association with high vegetative yield. 


All the significant correlations for the three rates of 
development with the yield characters were positive. 
However, the PCY were variable and indicated that part of 
the association cf high rates of development with seed yield 
was due to the association of these rates with high 


vegetative yield. 


Of particular interest is the relationship of first 
flower M with the yield characterse The stages first 
flower M, and maturity, and the period leaf 1 to first 
flower M had many significant negative correlations with the 
yield characters, expecially for Nuggete However the period 
first flower M to maturity did not indicate a consistent 
negative association with the yield characterse This 
indicates that aithough the duration of leaf 1 to first 
flower M was just over half of the duration of first 


flower M to maturity, the time to first flower M is more 
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important than the subsequent time to maturity in relation 


to the yield characterse 


The correlation of number of leaves with first flower M 
and leaf 1 to first flower M was’ significant only for 
Targete A previous study( Laosuwan, 1969) found no 


Significant correlation for Target. 


The only yield character which exhibited a positive 
association with Lateness of the growth stages was i000 seed 


weight, but only for Croe 


Under the environmental conditions of this study and 
for the cultivars included it was found that one need not 
sacrifice yietd to promote early maturity. High yield could 
be produced py breeding for earliness of the stages and 
periods up to and including first flower 3, by increasing 
the duration of the flowering periods aes flower M to last 
first flower and first flower M to end flower, and by 
decreasing the duration of the period first flower M to 


maturity, and by increasing the three rates of development. 


Correlations ameng the yield characters 


Of the significant correlations among the yield 
characters all were positive except for the correlation of 


number of leaves with 1000 seed weight for Target(Table 10). 


The significant correlations of number of teaves were 
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with number of secondary racemes, number of pods, and 
harvest index for Nugget and Oro, and with 1000 seed weight 


for Nugget and Target. 


The significant correlations of the number of secondary 
racemes were with number of tertiary racemes, total plant 
weight, vegetative yield, and seed yietd for all three 
cultivars, with number of pods and harvest index for Nugget 


and Oro, and with 1000 seed weight for Cro. 


The significant correlations for number of tertiary 
racemes with the yield characters were with ait the yield 
characters except number of leaves and 1000 seed weight for 
Nugget and Oroe For Target, the significant correlations 
were with number of secondary racemes, total plant weight, 


vegetative yield, and seed yield. 


The significant correlations of the number of pods were 
with atl the yield characters except 1000 seed weight for 
Nugget and Oro; and with total plant weight, vegetative 


yield, and seed yield for Targete 


The significant correlations of 1000 seed weight were 
with number of leaves for Nugget and Target, number of 
secondary racemes and vegetative yield for Cro, and total 


plant weight and seed yield for Oro and Targete 


The significant correlations of total plant weight and 


vegetative yield were with number of secondary racemes, 
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number of tertiary racemes, and seed yield for all three 
cultivars, with number of pods for Nugget and Oro, with 
harvest index for Nugget and with 1000 seed weight for Oro 
and Targete The correlation of total plant weight with 


vegetative yield was close tc unity for all three cultivars. 


The significant correlations for harvest index were 
with all the yield characters except 1000 seed weignt, total 
plant weight, and vegetative yield for Nugget and Oro, with 
total plant weight and vegetative yield for Nugget and with 


number of pods and seed yield for Targete 


The sigrificant correlations of seed yietd were with 
all the yield characters except number of leaves, number of 
pods and 1000 seed weight for atl three cultivars, with 
number of pods for Nugget and Oro and with 1000 seed weight 


for Oro and Targete 


All the significant partial correlations with seed 
yield holding vegetative yietd constant( PCY) for the yield 
characters were positivee The significant PCY were with 
number of Leaves for Oro, number of secondary racemes for 
Cro and Target, number of tertiary racemes, number of pods, 


and harvest index for all three cultivars. 


All of the significant correlations among the yield 


characters were positive except for the correlation of 
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number of teaves with 1000 seed weight for Target. The 
Significant positive correlations among the characters 
number of secondary racemes, number of tertiary racemes, and 


number of pods agrees with the results of Thurling(15974b) 


for Be napuse 


The correlations among the three characters total plant 
weight, vegetative yield, and seed yield were very highe 
This indicates that the major determinant of seed yieitd for 
Be napus is plant sizee This agrees whth the results of 


Thurling(1974a). 


AlL the correlations of the yield characters with 
number of leaves were  tlow; also the PCY were not 
Significante Thus high number of leaves does not show an 


association with seed yield. 


The significant positive correlations of seed yield 
with the characters number of secondary racemes, number of 
tertiary racemes, number of pods; and 1000 seed weight were 
all Largely due to their correlations with vegetative yield. 
This was indicated by the fact that the SCY were higher than 
the PCY e However the PCY were positive and significant for 
all three cultivars for number of tertiary racemes and 
number of pods, for Oro and Target for number of secondary 
racemes and for Oro ontiy for number of leavese Thus high 
Levels of these characters have an association with high 


seed yield which is not due to their association with high 
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vegetative yield. 


These data 


indicate that increased yield can be 


obtained by increasing one or more of plant size, number of 


tertiary racemes, 


or the number of pods on the main racemee 
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GENETIC ANALYSEIS 


For leaf 1(2.-1) although there were significant 
differences among the populations the range of means (for 
leaf 1( 2-1) was only 17-9 to 19-1 dayse This small variation 
among the populations was insufficient for reliable 


interpretations (Table 11). 


For first flower M(4.10) four of the six Fy values were 
Significantly earlier than the MP. This indicates partial 
dominance of early first flower M(4.10). However significant 
reciprocal differences were observed in both the Fy and Fe 
of the cress of Nugget with Targete In this cross the 
direction of the reciprocal differences was not consistante 
Reciprocal differences were also observed in the Fg of the 
other two crosseSse Thus control of first flower M is not 
completely by nuclear genotype and genotype X cytoplasm 


interaction was indicatede 


For maturity(5.4) dominance or heterosis of early 
maturity(5.4) was indicated by the F, for both of the 
crosses of Nugget with Cro and Nugget with Targete Partiat 
dominance of early maturity(5.4) was indicated for the cross 
of Oro with Targete Significant reciprocal differences were 
found for maturity( 5.4) in the F2 of all three crosses 


however the direction of the reciprocal defferences was not 
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consistant. Thus genotype X cytoplasm interaction was 


indicatede 


For first flower M to last first flower(4.10-4.5) five 
of the six Fy, values were greater than the MP but only three 
Significantly soe Deminance or partial dominance of tong 
first flower M to last first flower(4.10-4.5) was thus 
indicated for the crosses of Nugget with Target and Nugget 
with Oroe Additive control was indicated for the cross of 
Oro with Targete No significant reciprocal differences were 


observede 


For first flower M to end flower(4.10-5.0) although 
there were significant differences among the populations the 
range of means for first flower M to end flower(4.10-5.0) 
was only 19.1 to 20.5 dayse This small variation among the 


populations was insufficient for reliable interpretations. 


The range of values for first flower M to 
maturity(4-10-5-4) was only §9-8 to 62.5 days thus making 
interpretation unreliablee However significant reciprocal 
differences were observed for the Fy of the cross of Oro 
with Nugget and the Fo of the cross of Cro with Target, thus 
some cytoplasmic influence is indicated for first flower M 


to maturity(4-10-5e-4). 


For leaf emergence rate in the cross of Nugget with Oro 
both F, were lower than the MP but onty one significantly 


SOe This data indicates partial dominance of low lteaf 
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emergence rate for this crosse Significant reciprocal 
differences were observed in the F, of the crosses of Nugget 
with Target and Oro with Targete The direction of these 
reciprocal differences was not consistente This indicated 


genotype X cytorlasm interaction. 


For flowering rate of the racemes the parental 
differences in the cross of Nugget with Oro was not 
Significant so reliable interpretation of the results is not 
possible. Reciprocal differences were observed in the F, of 
the cross of Nugget with Target and in the Fy and Fo of the 
cross of Oro with Targete The direction of the F; reciprocal 
differences was not consistent in these two crosses, thus 


indicating genotype X cytoplasm interactione 


For flowering rate on the main raceme the Fy, of the 
three crosses did not indicate consistent genetic control. 
There were significant reciprocal differences in both the Fy, 
and Fo of the cress of Oro with Targete The direction of the 
reciprocal differences was not consistent thus’ genotype xX 
cytoplasm interaction was indicated for flowering rate on 


the main racemee 


For number of leaves four of the six F, populations 
were not Significantly different from the MP indicating 
largely additive control of number of teaves(Table 12). 
Significant reciprocal differences were found in the F, of 


the cross of Nugget with Target and the cross of Cro with 
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Target. The direction of the reciprocal difference was not 
consistent; thus genotype X cytoplasm interaction is 


indicated for number of leavese 


For number of secondary racemes the three parents were 
not significantly different so reliable interpretation of 


the results is not possible. 


For number of tertiary racemes largely additive control 
was indicated in the cross of Nugget with Oroe Dominance or 
heterosis was indicated in the cross of Oro with Target. 
Significant reciprocal differences were found for the cross 
of Nugget with Target. Significant reciprocal differences 
were found in the Fo of the cross of Nugget with Oro and in 
the Fy, and Fo cf the cross of Nugget with Target. The 
reciprocal differences were not consistent in direction thus 


genotype X cytoplasm interaction was indicated. 


For number of pods significant reciprocal differences 
were found in the Fy of the cross of Oro with Target and in 
the Fy and Fo of the cross of Nugget with Target. The 
direction of the reciprocal differences were not consistent 


thus indicating genotype X cytoplasm interactione 


For 1000 seed weight all of the Fy, were closer to the 
MP than to either parent thus a tlargely additive genetic 
system was indicatede Reciprocal differences were observed 
only in the Fy, of the cross of Nugget with Oro and the cross 


of Oro with Target. The direction of the reciprocal 
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differences was not consistent indicating genotype xX 


cytoplasm interactione 


For vegetative yield dominance or heterosis of high 
vegetative yield was indicated for the cross of Oro with 
Targete Significant reciprocal differences were found for 
the Fy and Fo of the cross of Nugget with Target and for the 
Fo of the cross of Nugget with Oro. The direction of the 
reciprocal differences was not consistent thus indicating 


genotype X cytoplasm interaction. 


For harvest index all six F,; values were greater than 
the larger parent, two significantly so, thus dominance or 
heterosis of high harvest index was indicatede The only 
iaeitiensct reciprocal difference observed was for the Fo of 
the cross of Nugget with Oro thus some cytoplasmic influence 


is involved in control of harvest indexe 


For seed yield four of the Fy values were greater than 
the higher parent, but only two significantly soe Of the 
other two F, values one was close to the higher and the 
other close to the lower parent. This data indicates 
dominance or heterosis for high seed yield. Significant 
reciprocal differences were observed for the F,;, and Fo of 
the cross ot Nugget with Targete These reciprocal 
differences were not consistent in direction thus indicating 


genotype X cytoplasm interactione 
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Heritabilities 


The heritability estimates for leaf 1(2.1) ranged from 
-1.4 to 0.46 and nine of the 12 heritability estimates were 
less than 0.20, indicating a tow heritability for 
leaf 1(2.-1)( Table 13). Reciprocal differences were observed 
by both methods cf calculation for the crosses of Oro with 


Targete 


The heritability estimates for first flower M(4.10) 
ranged from -0-28 to 0+64- Reciprocal differences were 


observed with all three crossese 


The range of heritability estimates for maturity(5.4) 
was from 0-00 to O04.53- Only five of the heritability 
estimates were tess than 0.25 indicating a moderate 
heritability for maturity(5-e4). There were reciprocal 


differences in heritability estimates for all three crosses. 


The heritability estimates for first flower M to last 
first flower(4.10-4.5) ranged from -0.42 to 0-51. Eleven of 
12 of the heritability estimates were 0.25 or tess, thus the 
heritability of first flower M to last first 


flower( 4.10-4.-S5) was lowe 


The heritability estimates for first flower M to end 
flower(4.10-5.0) ranged from -0e21i1 to 0.48. Five of the 
heritability estimates were 0.25 or lower thus indicating 


that the heritability of first flower M to end 
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flower(4.10-5.0) was not high. 


The range of the heritability estimates for first 
flower M to maturity(4.10-5.4) was from 0.04 to 0e41-e Three 
of the heritability estimates were 0.25 or lower thus 
indicating that the heritability of first flower M to 


maturity(4.10-5.4) was not high. 


The heritahility estimates for leaf emergence rate 
ranged from —-0e78 to 0.394 Nine of the values were 0.25 or 
less indicating a low heritability for LERe The cross of 
Nugget with Target indicated reciprocal differencese Ten of 
i2 of the heritability estimates fer FLR were less than 


0.25, thus the 


The heritability estimates for flowering rate of the 
racemes ranged from -—-1.25 to 0.42. Heritability for 


flowering rate of the racemes was lowe 


The heritability estimates for flowering rate on the 
main raceme ranged from -0.20 to 0.54. Only three of the 
heritability estimates were less than 0.25 indicating a 
moderate heritability for flowering rate on the main racemee 
The heritability estimates indicated reciprocal differences 


for the cross of Nugget with Oro and Oro with Target. 


The heritability estimates for number of leaves ranged 
from -0.-15 to O0.68(Table 14)- Five of the heritability 


estimates were 0-25 or less, thus the heritability of number 
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of leaves was moderate or lowe The heritability estimates 
indicated reciprocat differences for the crosses of Nugget 


with Oro and Oro with Target. 


The heritability estimates for number of secondary 
racemes ranged from —-0-82 to Oc46-4 Nine of the 12 
heritability estimates were below 0.25, indicating a tow 
heritability for number of secondary racemese Reciprocal 


differences were indicated for the cross of Nugget with Oro 


The range of heritability estimates for number of 
tertiary racemes ranged from -0ei11 to 0245. Nine of the 12 
heritability estimates were below 0.25, indicating a _ tow 
heritability for aumber of tertiary racemese However, the 
heritability estimates for the crosses of Oro with Target 


indicate a moderate heritability. 


The range of heritability estimates for number of pods 
was from —0-08 to 0-56. Ten of the 12 values were less than 


0-25, indicating a tow heritability for number of pods. 


The range of heritability estimates for 1000 seed 
weight was -0e37 to 0.75. Only two of the values were below 
0025, thus indicating a moderate heritability of 1000 seed 
weighte Reciprocal differences were exhibited for all three 


crosses for the heritability of 1000 seed weight. 


The range of heritability estimates for vegetative 


yield was —0-67 to 0.45. Nine of the heritability estimates 
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were lower than 0.25, indicating a tow heritability of 


vegetative yield. 


The range of heritability estimates for harvest index 
was -—-0-30 to 0.57. Five of the 12 heritability estimates 
were less than 0-25 indicating a low or moderate 


heritability for harvest indexe 


The range of heritability estimates was from -0.52 to 
0.324 Eight heritability estimates were below 0.25, thus the 
heritability was Lowe 


Discussion 


Reciprocal differences were found for the population 
means for many of the characters studiede The reciprocal 
differences were not consistent in direction in Fy or Foe 


populations indicating genotype X cytoplasm interactione 


The type of gene action observed for a given character 
for different crosses was not consistent. Reciprocal 
differences confounded the interpretation of the Fy meanse 
None of the heritability estimates was highe The large 
number of negative values obtained by both methods of 
estimation indicate that these methods are not adequate for 
evaluating broad sense heritabilities in these populationse 
Reciprocal effects further complicate the interpretation of 


these resultse 


Considering the reciprocal differences, variable gene 
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action, and low heritabilities, selection for most of these 


characters in early generations would not be successful. 
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GENERAL DISCUSSION 


Be napus is largely self-pollinated$; however there is 
natural outcrossinge Thus the degree of homozygosity of the 
parent material is not certaine Part of the variation of the 
characters within the parent populations was likely due to 
genetic variation. The within cultivar correlations would be 
similarly affected and may or may not hold if selection is 
applied or populations sf different morphological or 


physiologicat tyges are included. 


The parent cultivars were chosen on the basis of 
previous data to provide a wide range of maturity typese 
However, at Parkland Farm in 1974, there was not a great 
difference in the growth patterns of the cultivars or in the 
number of days to maturitye Thus the usefulness of the 
between cultivar data was reducede The large reciprocal 
differences observed for many characters also tended to 
obscure the genetic mechanisms of control of these 
characterse Further studies of the control and heritability 
of these characters should be done with lines of tater 
generations of with a greater number or cultivars and with a 


wider range of expression of the characters studiede 


This study was done at only one tocation for only one 
seasone Thus the peculiarities of that season may have 
influenced the resultse In particular early fall frost may 


have influenced the correlation of yield with earliness by 
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reduction of the yield of the later plants. However, short 
seasons and early frosts are common in Alberta and this data 


can be assumed to be typical of such yearse 


In general the data indicates that earlier cultivars 


with equal or increased yield are feasiblee 
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SUMMARY 


1) The major characteristic leading to early maturity 


for Target was early first flower M. 


2) Target exhibited many traits which would tend to 
make it a tate varietye It was latest for the stages from 
leaf 1 to leaf 3, had the longest periods first flower M to 
first flower 3, first flower M to last first flower, first 
flower M to end flower, and first flower M to maturitye 
Target had tke lowest leaf emergence rate, lowest flowering 
rate of the racemes, and lowest flowering rate on the main 


racemee 


3) There were few high correlations among the growth 
characters, indicating that the growth characters measured 


were largely independent of each othere 


4) Earliness of the later stages is promoted by 
earliness of the initial stages, by short initial periods, 


and by high rates of develorment. 


5) High rates of develorgment at different times and for 


different aspects of growth were positively associatede 


6) High leaf emergence rate and early emergence of the 
seventh true leaf are associated with rapid flowering rates 


and early maturity but also with longer flowering periods. 


7) The data indicates that high flowering rates are 
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associated with reduced duration of the flowering periods 
and high flowering rate on the main raceme is associated 


with reduced first flower M to maturity. 


8) Early first flower M was associated with early 
maturity and longer flowering periods of first flower N to 


last first flower and first flower M to end flower. 


9) The period leaf 7 to first flower M was indicated to 
have a greater influence on the later periods than leaf 1 to 


leaf Te 


10) The correlations of the growth characters with the 
yield characters were all tow indicating that yield is not 
Significantly influenced by any one of the growth 


characterse 


11) The growth characters which were associated with 
earliness and rapid development were associated with high 


yield characterse 


12) The significant partial correlations with seed 
yield holding vegetative yield constant of the growth stages 
and initial growth periods were mostly negative and 
indicated that these growth characters had an effect on seed 
yield independent of their association with vegetative 


yield. 


13) Part of the simple effect of high rates of 


development on seed yield was indicated to be due to the 
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association of these rates with vegetative yield. 


14) Long flowering periods of first flower M to last 
first flower and first flower M to end flower were 
positively associated with high yield characterse However 
this association was indicated as being due to their common 


association with high vegetative yield. 


15S) The time to first flower M was indicated as having 
a stronger association with the yield characters than the 


Subsequent time from first flower M to maturity. 


16) All the significant correlations among the yield 
characters were positive except for the correlation of 


number of leaves with 1000 seed weight for Target. 


17) The correlations among total plant weight, 
vegetative yield, and seed yield were very high indicating 
that the major determinant of seed yield for Be napus on a 


single plant basis was plant sizee 


18) The number of leaves was indicated to not have a 


large effect on seed yield. 


19) The significant positive correlations of seed yield 
with the number of secondary racemes, number of tertiary 
racemes, number of pods, and 1000 seed weight were all 


largely due to their correlations with vegetative yield. 


20) The partial correlations with seed yield holding 
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vegetative yield constant were significant and positive for 
number of tertiary racemes and number of pods for all three 
cultivars and for number of secondary racemes for Target and 
were significant and negative for 1000 seed weight for Oro. 
Thus these characters showed a significant association with 
seed yield which was not due to their asseciation with high 


vegetative yield. 


21) Significant reciprocal differences were found for 


the population means of most of the characters studied. 


22) Heterosis was indicated for some of the growth 
characters and several of the yield characters including 
maturity, number of tertiary racemes, seed yield, and 


harvest indexe 


23) The heritability estimates were inconsistant and 
not highe Large reciprocal differences in the heritability 


estimates calculated were also founde 
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